This paper reports an attempt to assess the factors associated with inappropriate acute hospital admission using the technique of logistic regression. Data were obtained from two separate studies of acute hospital utilization in southwest England, conducted between 1992 and 1994. The appropriateness of admission was assessed using explicit standardized criteria in the form of the intensiry-severity-discharge review system with adult criteria (ISD-A). Up to 19 explanatory variables were available for the analyses. These variables were modelled for each centre separately, using logistic regression to produce final sets of factors independently related to the appropriateness of admission. For one centre, the final model contained age/ specialty and use of community services. For the other, the final model contained two measures of health status on admission-coping failure and admission with stroke. It is concluded that the complex interplay between the characteristics of patients, refer re rs, alternative forms of care and the acute hospital may result in quite different types of inappropriate admissions in different locations.
INTRODUCTION
Those involved in the management of provider units and in the purchasing of health services aim to achieve care that is effective, efficient and appropriate. Despite this, few studies have looked at the appropriateness, or otherwise, of the initial admission to hospital. Studies in recent years which have looked at this issue have, nevertheless, shown that between 15 and 24% of hospital admissions may be considered inappropriate [1, 2] . However, both these studies used subjective methods of assessment to determine whether patients could have received alternative forms of care, and in neither study did the authors assess the factors associated with inappropriate admission. One further study has found a surprisingly lower level of inappropriate admissions (only five inappropriate admissions out a total of 689 assessed admissions) [3] , but the methodology used has been criticized for its use of an inappropriate and insensitive instrument [4, 5] .
Studies dating from the 1960s onwards have considered the question of inappropriate use of hospital beds. The majority of studies have been concerned with problems associated with discharge, in particular with bed blocking-that is, inappropriate bed utilization by those patients who have already stayed more than 28 days in a bed. Previous studies looking at factors associated with prolonged hospital stay have identified the following as being relevant: mental health problems/dementia/confusion [6] [7] [8] ; incontinence [6] ; immobility [6] ; problems with self-care [6] ; increasing age [6] [7] [8] [9] [10] ; gender (females more likely to have inappropriate stay) [7, 10] ; marital status (single patients more likely to have inappropriate stay) [7] ; type of admission (those admitted through accident and emergency departments (A&E) more likely to have inappropriate stay) [7] ; cerebrovascular patients [7, 9] ; living alone [9, 10] ; patient living somewhere new on discharge [8] .
Most of these studies have considered each factor in isolation and have not adjusted for 32 J. Coast etal. confounding. There are two exceptions [8, 9] , in one of which the authors developed an index for predicting inappropriate hospital stay and found that the best predictors were age, living somewhere new on discharge and mental state [8] .
The main aim of the research programme underlying this paper was to identify the potential for the provision of care in alternative settings (for example, community hospitals, nursing homes, hospital at home, urgent outpatient appointments) [11, 12] . This research found that approximately 20% of admissions to general medical and geriatric/care of the elderly specialties were classified as inappropriate on the basis of a structured instrument. The most appropriate lower-technology alternative form of care for these inappropriate patients was assessed by general practitioners (GPs) and most frequently identified to be the GP/communiry hospital bed or the use of urgent out-patient appointments. In 15-20% of cases it was strongly felt that no alternative form of care was appropriate [11, 12] . Further details of the basic research programme are reported elsewhere [11] [12] [13] .
In addition to consideration of these underlying research questions, it is extremely important to compare the characteristics of appropriate and inappropriate admissions, in order to identify factors which might assist hospitals in the development of admission protocols concerning the placement of patients in acute hospitals or in other health care settings. The questions addressed in this paper concern the factors related to inappropriate admission and whether these vary according to geographical location. The study comprises two distinct investigations into admissions to the acute hospital specialties of general medicine and geriatrics in two different acute hospitals. To our knowledge, this is the first UK research to address this issue incorporating a validated objective measure of the appropriateness of care.
METHODS

Sample
Data were utilized from separate studies of admissions to two hospitals: one in Centre 1, a 650 bed hospital in an urban setting, and one in Centre 2, a 630 bed hospital in a rural setting.
Both hospitals are run by National Health Services (NHS) hospital trusts. The specialties included were general medicine and geriatrics. The guideline for admission to geriatrics in the Centre 1 hospital is that patients should be aged over 75 years, and in Centre 2 that they should be over 80; however, in practice, these guidelines are not strictly adhered to in either area.
The aim was to obtain a sample of 700 general medical and geriatric admissions from each acute hospital. This target was derived so that the projected 95% confidence interval for the number of inappropriate admissions indicated a high chance of obtaining at least 82 such admissions for further study in each location [11] . All admissions to these specialties on predetermined days of the week were included in the study. Days of the week were predetermined rather than randomly selected because of the workload involved in the one researcher (AI) monitoring patients daily throughout their length of stay. Within each study, each day of the week was represented approximately the same "number of times. Admitting physicians were blinded to the predetermined study days.
Data collection for the Centre 1 study took place between November 1992 and May 1993, and for Centre 2 between August 1993 and January 1994. The data used in the analyses presented here (as detailed below) were collected on the basis of review of the hospital notes, and computerized patient records, by the researcher (AI) during and after the first 24 hours following the patient's admission to the acute hospital. Due to the different systems of routine data collection in the two hospitals, the data available differ slightly for each centre, with information on the patient's health status on admission only available for Centre 2.
Admissions were classified as appropriate or inappropriate (see Table 1 ) on the basis of an American hospital utilization tool-the intensity-severity-discharge review system with adult criteria (ISD-A), developed by InterQual in 1978 [14] . The version used for both hospitals was that published in August 1992. The ISD-A comprises 22 sets of criteria: one generic set applicable to all patients, and the remainder pertaining to specific body systems or to units within the hospital. Each set contains criteria relating both to the severity of the patient's illness and the intensity of the Those patients for whom there may potentially be a lower-technology alternative to admission to the acute hospital. This does not mean that the patient has no requirement for care in the acute hospital at the present time service they are receiving. The generic criteria are applied first, with the other categories being applied as necessary and as determined by the patient's main signs and symptoms. Thorough review of the patient's medical and nursing notes are carried out to establish whether any of these criteria are met. For an admission to be classified as appropriate, both a severity of illness and an intensity of service criterion must be met at, or within 24 hours of admission. The ISD-A has been previously assessed in the USA where it was found to have moderate validity and reliability [15] . Research into the reliability and validity of the ISD-A in a UK setting was carried out as part of the underlying research programme [13] . The tool was found to have high intra-and inter-rater reliability. Given the alternatives to acute hospital care that are available, the validity of the tool was found to be poor for routine use in the UK, in which the funding of care is less flexible than in the USA where such tools were developed. The tool was, however, found to have fair-moderate validity for research and planning purposes in which it can be used to identify the potential for changing the pattern of care [13] .
Statistical methods
In order to assess independent associations between the outcome and possible explanatory variables, logistic regression was employed using the statistical package EGRET [16] . Two separate analyses were conducted, one for each of the two hospitals. Explanatory variables were divided into four groups (see Appendix): patient demographic characteristics (group I); patient support (group II); patient health status on admission (group III); characteristics of the admission (group IV). Group I included patient age, gender, marital status and employment status. Group II included receipt of community services and whether the patient lived alone. Group III data were available only for the hospital in Centre 2 and contained the following variables: coping failure; continence; admission with recent falls; stroke; mobility; ability to wash and dress independently; mental state; presence of chronic disability. Each of the group III variables was assessed by nursing staff as part of the routine hospital admission. Group IV contained the specialty to which the patient was admitted, whether the admission was during the winter months (January or February), time of admission, type of referrer and whether or not the GP had access to community hospital beds (given that not all GPs in the UK are able to admit patients to a community hospital bed). Such grouping of factors enables insights to be gained separately for sets of conceptually related factors, and ameliorates the problems of multi-collinearity.
For each hospital, the first stage of the analysis involved single factor models for each variable, to ascertain whether it was significantly associated with inappropriate admission. In order not to miss variables which were at this stage of borderline significance, only variables not statistically significant at the 10% level were excluded from further analysis. Age was analysed using three different groupings, and alternatively as a quantitative variable with linear and linear/quadratic terms. Initial analysis showed that age grouped into six predetermined categories was the best fit and hence it is this representation which is presented here.
The next stage of the logistic regression analysis was to determine the statistically dominant factors within each of the four groups separately. Significant factors from within each group were then analysed with those of other groups to produce a final set of factors indepen-J. Coast era/. dently associated with inappropriate hospital admission. Groups I and II were combined initially, then groups HI and IV added in sequentially. For each of these latter stages (that is, for all the "adjusted" analyses) a cutpoint of 5% was used to indicate statistical significance.
RESULTS
Centre 1
A total of 701 patients were admitted into the study on 48 days. For 24 patients, however, data about appropriateness were unavailable. In addition, 43 of the remaining 677 admissions were elective and were not included further in this analysis. The analysis reported here is therefore based on a total of 634 emergency admissions. Of these, 407 (64%) patients were aged over 65, and 263 (41%) were aged over 75. Three hundred and twelve (49%) were male. Four hundred and thirty-two (68%) admissions were to general medicine and the remaining 202 to geriatrics. Of the emergency admissions, 509 (80%) were denned as appropriate and 125 (20%) as inappropriate. No group III data (as defined above) were available for the Centre 1 study.
Of the 11 variables considered in the initial single factor models, seven were found to be individually significantly associated with inappropriate admission at the 10% level (see Appendix). These seven factors were: age, gender, and employment status from group I; receipt of community services from group II; specialty, time of admission and type of referrer from group IV. Arranged in their predetermined groups, these factors were carried through to the second stage of the analysis.
Since receipt of services was the only factor involved, for group II the within-group model was identical to the unadjusted result. In group I, adjusting for age and gender led to employment status becoming non-significant. This was also the case when adjusting only for age. In the initial within-group analysis, gender became non-significant at the 5% level when adjusting for both age and employment status. Adjusting only for age, however, gender remained significant at the 5% level, and gender was thus retained for the analysis across groups. In group IV, adjusting within groups led to both type of referrer and time of admission becoming nonsignificant at the 5% level. For both these factors, this was true when adjusting for each other and for specialty, and even when adjusting for specialty alone.
Following the within-group analysis, therefore, four variables were carried through to the analysis across groups: age of the patient, the patient's gender, receipt of community services and specialty ( Table 2 ). The analysis across groups began by combining groups I and II, and resulted in gender becoming non-significant at the 5% level (£ = 3.7, p = 0.06). Only age and receipt of community services were therefore carried through to the analysis including group IV, that is, including specialty. This analysis resulted in both age and specialty becoming non-significant at the 5% level (age: ^ = 6.8, p = 0.234; specialty: y l = 0A3, p = 0.513). Further analysis, however, revealed that as specialty-the division between general medicine and geriatrics-is highly age-dependent, age and specialty cancelled each other out. Retaining either age or specialty separately, then, resulted in each remaining significantly associated with the appropriateness of the admission. Two possible final models therefore revealed themselves. One contained age and receipt of community services, the second contained specialty and community services. There was no particular basis upon which to prefer either of these models, and both are reported under the final across-groups analysis in Table  2 . Tables 3 and 4 show the adjusted odds ratios (and 95% confidence limits) for the two final models, along with the relevant raw frequencies. The relationship with age in model 1 is not a simple one-for instance, although the odds of being inappropriate generally increased with age, those at lowest risk were in the 66-75 age-group. Commensurate with the general age trend, though, are the results obtained in the second version of the model, in which specialty was included instead of age. From this model, it is apparent that those admitted to the geriatrics specialty were twice as likely to be an inappropriate admission. Indeed, of all inappropriate patients, just under half, 46%, were admitted to the geriatrics specialty.
Community services remained in both versions of the final model. Only 123 patients admitted to the acute hospital were in receipt of 0.003 --community services at the time, but of these 33% were considered to be inappropriate. This is much higher than the overall proportion of inappropriate admissions of 20%.
Centre 2
A total of 700 patients were admitted into the Centre 2 phase of the study on 26 days. For 15 patients, however, data about appropriateness were unavailable. In addition, 31 of the remaining 686 admissions were elective and 35 were review admissions (that is, admitted to an admissions unit purely for observation purposes and discharged within 8 hours). Neither elective nor review admissions were considered further in the analysis. The analysis reported here is therefore concerned with a total of 619 emergency admissions of which 494 (80%) were defined by the ISD-A as appropriate and 125 (20%) as inappropriate. Of these, 360 (58%) patients were aged over 65, and 207 (33%) were aged over 75. Three hundred and twenty-four (52%) were male. Four hundred and ninety-two (79%) admissions were to general medicine and the remaining 127 to geriatrics.
In the first stage of the analysis, 19 explanatory variables were considered. Of these, six met the criterion of statistical significance at the 10% level (see Appendix). These variables were living alone (group II); coping failure, continence, admission with recent falls, admission with stroke and chronic disability (group III). These six variables were carried through to the second stage of analysis in their predetermined groups.
For group II, the within-groups model was the same as the unadjusted results, given that only one factor had remained in this group from the first stage of the analysis. For group III, each variable was adjusted for the other four factors in the group. For continence, admission with recent falls and chronic disability, this resulted in a drop in significance to a level that did not reach the 5% cut-point (Table 5) . In order to test whether, as with age and specialty in the Centre 1 model, the effects of two or more variables were cancelling one another out, further analyses were carried out in which each of continence, admission with recent falls and disability were separately adjusted only for the two remaining variables in the group (coping failure and admission with stroke). This did not result, however, in any of these three variables achieving the required level of significance (continence: x 2 = 1.81, p = 0.18; falls: 2=1.70, p = 0.19; disability: ^ = 3.60, p = 0.058) and they were therefore dropped for the across-groups analysis.
Following the within-groups analysis, therefore, three variables were carried through to the analysis across groups: living alone, coping failure and admission with stroke. Coping failure and admission with stroke each remained significant when adjusted for the two other factors, but living alone was not significant when adjusted for coping failure and admission with stroke (x 2 = 1-88, p = 0.17). Living alone was not, therefore, carried forward to the final model. The results of the within-group analyses and the final across-groups analysis are shown in Table 5 .
The final model for the Centre 2 analysis therefore contained coping failure and ad- mission with stroke. The strength of these relationships was particularly interesting given the relatively small number of patients admitted with coping failure and with stroke (Table 6) . Further, the relationship between appropriateness of admission and stroke is interesting because it is in the opposite direction to that for . coping failure, with those admitted with stroke much more likely to be considered an appropriate admission. In large part this is because of the nature of the ISD-A, which includes criteria related to the signs and symptoms of stroke.
DISCUSSION
There are interesting differences in the factors associated with inappropriate admission in the two locations. This is the case even allowing for the fact that the data available from the two sites were not identical. It is also despite the fact that the proportion of inappropriate patients in each sample was almost identical (between 19 and 20%) and that these proportions are comparable with earlier studies [1, 2] . The dissimilarities are of particular note given that the assessment of the need for medical care in each place was carried out using the same explicit and objective method of assessment, and so was not exposed to the vagaries of subjective opinion which characterize many similar studies.
While it is, of course, possible that the results would have been more similar across the locations if equivalent data had been available, some differences cannot be explained by this. For example, the associations for age/specialty and community services with inappropriateness in Centre 1 were not observed in Centre 2, either before or after adjustment for other factors. In addition, initial associations in Centre 1 for gender, employment status, time of admission and type of referrer were not observed in Centre 2. Moreover, the small numbers of those with coping failures and strokes in Centre 2, make it most unlikely that these factors would have explained the associations in Centre 1 had they been available.
The reasons for the absence of associations. for age/specialty with inappropriateness in Centre 2 are not obvious, but one possibility may be greater availability of alternatives in this rural location for elderly patients in need of predominantly social care. It is perhaps surprising that the time of admission was not more strongly associated with inappropriateness in either location, given that the availability of alternative forms of care could be expected to be more problematic outside the hours of 9 a.m. and 5.30 p.m. in both areas. This finding may have been anticipated, however, given that the availability of alternatives to acute hospital admission even between these hours was not great, particularly in Centre 1.
Both versions of the final Centre 1 model contained receipt of community services as a factor independently related to the appropriateness of admission. Receipt of community services was included as a measure of social support and alternative care provision, with the expectation that patients in receipt of community services might be less likely to experience "inappropriate" admission to the acute hospital. In fact, the relationship observed worked in the opposite way, with those who had been in receipt of community services being more likely to be an inappropriate admission. It may be, however, that in this model, receipt of community services is acting as a proxy for some form of need for social care, and as such could be expected to relate to appropriateness of admission in a similar way to the group III variable of coping failure.
The results reported here lend some support to the idea that inappropriate admissions could also be referred to as social admissions, in that the factors associated with inappropriate admission are also those factors often associated with the provision of social care for individuals: increasing age, failure to cope and, if acting as a proxy for need for social care, the receipt of community services. The provision of lowertechnology, alternative forms of care may well be more appropriate for these patients than admission to the acute hospital.
It is possible to speculate as to explanations for the slight U-shape noted with respect to the age variable in the Centre 1 model. Given the relationship between specialty and appropriateness of admission, this could be explained by the existence of a further risk factor operating amongst general medical patients, that is, that amongst this group there may be a potentially separable type of inappropriately admitted patient.
Interestingly, the results obtained overall were not dissimilar to those of previous studies of delayed discharge. Apart from the receipt of community services, each factor which remained in one of the final models has been noted as a factor relating to delayed discharge in previous analyses [6] [7] [8] [9] [10] 17] .
This investigation has a number of strengths. Unlike previous studies conducted in the UK, the assessment of appropriateness has been made via the consistent application of an objective tool. One researcher applied the tool in both locations, and her intra-rater reliability was tested and found to be high (Cohen's K = 0.8) [13] . A further strength of the study is that it was conducted in two locations, thus providing data from urban and rural areas, with different levels of alternative forms of provision. Further, the study used complex statistical methods to disentangle the interrelationships for a large number of factors.
The study does, however, have limitations. In many senses, these limitations are allied with the strengths discussed above. Firstly, the validity of the objective tool was noted in a parallel investigation to be no better than fair to moderate. In part, however, this finding reflects the limited reliability of the GP panel (that is, the extent to which GPs agreed with each others' assessments) [13] . Secondly, the use of a single researcher meant that full blinding was difficult to achieve. Thirdly, conducting the study in two different locations meant that it was difficult to capture all of the many differences within the data available. Further, the data available for inclusion in the two studies differed. Finally, despite the use of sophisticated statistical techniques, the analysis is, of course, only able to point to associations between the variables, rather than to identify causal relationships. This is particularly the case here given the collinearity between many of the variables and the exploratory nature of the analysis.
Whilst the results of these analyses are thus unlikely to lead to an immediate change in practice, they do point to some interesting research questions concerning the reasons for the admission of patients to acute hospitals who could be treated elsewhere. There is a complex interplay between the characteristics of patients, referrers, available alternatives and the acute hospital, which will determine the types of patients treated in different types of care.
Differences in such factors may result in quite different types of inappropriate admissions in different locations. In any case, further research is needed to investigate the acceptability of particular alternative forms of care for particular patient profiles. Time 
